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touch,	 and	 smell.	 These	 primes	 are	 then	 evaluated	 in	 a	 controlled	 experiment.	 From	 these	 studies	




This	 work	 contributes	 to	 the	 on-going	 research	 on	 design	 as	 a	means	 for	 promoting	 positive	 behaviour	
change	 (Bloch,	 1995;	 Cash,	 Gram	 Hartlev,	 &	 Durazo,	 2017);	 and	 in	 particular,	 uniting	 individual	 and	
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collective	 concerns	 to	 produce	 products	 that	 are	 both	 pro-social	 and	 pro-user	 (Tromp	&	Hekkert,	 2016;	
Tromp,	Hekkert,	&	Verbeek,	2011).	In	this	context,	self-construal	provides	key	insight	into	how	conflicting	
individual	 and	 collective	 concerns	 might	 be	 dissolved	 (Cross,	 Hardin,	 &	 Gercek-Swing,	 2011;	 Voyer	 &	
Franks,	 2014).	 Self-construal	 describes	 “the	 relationship	 between	 the	 self	 and	 others	 and,	 especially,	 the	
degree	to	which	[people]	see	themselves	as	separate	from	others	or	as	connected	with	others”	(Markus	&	
Kitayama,	1991,	p.	226).	However,	operationalizing	 this	 in	behaviour	 change	has	been	 little	addressed	 in	
prior	works	on	persuasive	design	(Kelders,	Kok,	Ossebaard,	&	Van	Gemert-Pijnen,	2012),	or	more	generally	
in	 the	 design	 literature.	 As	 such,	 this	 paper	 tests	 the	 potential	 of	 priming	 building	 on	 the	 logic	 of	 self-
construal	as	a	means	of	influencing	users	through	artefact	design,	and	more	broadly,	uniting	individual	and	
collective	concerns	(Kay,	Wheeler,	Bargh,	&	Ross,	2004;	Kim,	Yoon,	&	Gonzalez,	2012).		
Unconsciously	 influencing	 the	 cognitive	 accessibility	 of	 norms	 connected	 to	 self-construal,	 and	
subsequently	 behaviour	 (Kay	 et	 al.,	 2004),	 through	 the	 physical	 design	 of	 an	 artefact	 has	 a	 number	 of	
advantages	 over	 traditional	 technologically	 facilitated	 approaches	 to	 behaviour	 change	 i.e.	 approaches	
utilising	 a	 direct	 intervention	 component	 e.g.	 persuasive	 technology	 (Kelders	 et	 al.,	 2012),	 or	 physically	
remove	choice	 (Herring	&	Roy,	2007).	First,	unconscious	 interventions	maintain	 freedom	of	choice	rather	
than	 constraining	 behaviour	 (Steg	&	 Vlek,	 2009).	 Second,	 they	 can	 be	 deployed	 pervasively	 through	 the	
design	of	everyday	products	without	requiring	directed	interactions	with	the	user	(DeMarree,	Wheeler,	&	
Petty,	2005).	Third,	such	 interventions	can	be	used	to	subtly	 influence	pro-social	behaviour	over	the	 long	
term	 (Nurkka,	 Kujala,	 &	 Kemppainen,	 2009),	 without	 compromising	 user	 experience	 (Tromp	 &	 Hekkert,	
2016).	 Finally,	 despite	 validation	 in	 the	 psychology	 literature	 (Michie,	 Johnston,	 Francis,	 Hardeman,	 &	
Eccles,	2008;	van	Baaren,	Maddux,	Chartrand,	de	Bouter,	&	van	Knippenberg,	2003)	there	is	little	guidance	
on	how	this	type	of	intervention	should	be	manifested	in	artefact	design	(Lehman	&	Geller,	2004;	Wood	&	















The	 need	 for	 behavioural	 strategies,	 in	 addition	 to	 technical	 improvements	 e.g.	 making	 systems	 more	
efficient,	 is	determined	by	three	major	 factors.	First,	humans	are	driven	by	exogenous	 influences	such	as	
incentives	 and	 risks,	 and	 thus	 make	 biased	 decisions	 both	 consciously	 and	 unconsciously	 (Thaler	 &	
Sunstein,	 2008).	 Second,	 many	 of	 these	 decisions	 are	 governed	 by	 intuitive	 and	 automatic	 unconscious	
processes	 that	 rely	 on	 associative	 reactions	 to	 situations	 (Kahneman,	 2011).	 Third,	 behaviour	 driven	
rebound	 type	 effects	 can	 negate	 many	 of	 the	 benefits	 derived	 from	 technical	 efficiency	 improvements	
(Herring	 &	 Roy,	 2007).	 Thus	 despite	 the	 importance	 of	 technology	 improvement,	 designers	 must	 also	
address	human	behaviour	(Dolan,	Hallsworth,	Halpern,	King,	&	Vlaev,	2014).	
Based	on	this	realisation	a	number	of	approaches	have	been	described	in	the	design	literature.	These	have	
tended	 to	 focus	 on	 specific	 social	 theories	 or	 technologies,	 with	 varying	 degrees	 of	 applicability	 to	
unconscious	processes.	For	example,	although	persuasive	design	and	design	for	sustainable	behaviour	do	
not	 rule	 out	 unconscious	 effects	 (Bhamra,	 Lilley,	 &	 Tang,	 2011;	 Fogg,	 2009),	 they	 are	 not	 widely	
operationalized	 as	 highlighted	 by	 Kelders	 et	 al.	 (2012)	 and	 others	 (Lehman	 &	 Geller,	 2004;	 Wood	 &	
Newborough,	 2003).	 Specifically,	 persuasive	 design	 uses	 technologies	 to	 directly	 push	 interventions	 to	 a	
user,	 typically	 coupling	motivational,	 enabling,	 and	 triggering	 components	 (Fogg,	 2009).	 This	 approach	 is	
more	 generally	 supported	 by	 design	 for	 behaviour	 change	 (Wendel,	 2013),	which	 provides	 a	 number	 of	
design	 process	 suggestions.	 However,	 neither	 approach	 fully	 utilises	 the	 many	 different	 unconscious	
mechanisms	underlying	interventions	e.g.	priming.	In	response	to	this	Tromp	and	Hekkert	(2016)	explicitly	
highlight	 the	 need	 to	 draw	 on	 a	 wider	 range	 of	 approaches	 in	 order	 to	 fully	 realise	 the	 potential	 of	
behavioural	design.	As	such,	Socially	Responsible	Design	(Tromp,	2013;	Tromp	et	al.,	2011)	helps	to	frame	
behavioural	 design	 projects,	 and	 directs	 designers	 towards	 the	 critical	 interface	 between	 individual	 and	
collective	concerns;	while	Cash	et	al.	(2017)	provide	guidance	for	designers	seeking	to	incorporate	different	
social	 and	 behavioural	 theories	 into	 their	 process.	 However,	 these	 works	 do	 not	 describe	 how	 specific	
mechanisms	 can	 be	 used	 to	 design	 artefacts	 able	 to	 dissolve	 conflicts	 between	 individual	 and	 collective	
concerns.	 In	 this	 context,	 priming,	 norms,	 and	 self-construal	 are	 key	 mechanisms	 that	 have	 been	 little	
explored	 in	 the	 design	 domain	 (Kim	 et	 al.,	 2012),	 despite	 their	 demonstrated	 importance	 in	 directing	
behaviour	in	the	psychology	literature	(Cross	&	Madson,	1997;	Cross	et	al.,	2011).		
1.2	 Priming	and	Self-construal	in	Design	










2012),	 and	 social	or	behavioural	norms	 (Kay	et	al.,	 2004).	Priming,	 in	 this	 context,	 can	be	defined	as	 the	
influence	of	a	specific	cue	(e.g.	text,	sound	or	physical	artefact)	on	a	target,	which	activates	an	unconscious	
response.	Priming	works	through	implicit	memory	(Roediger,	1990;	Schacter,	1992),	and	has	been	applied	
in,	 for	 example,	 neuro-marketing	 (Chartrand,	 Huber,	 Shiv,	 &	 Tanner,	 2008;	 Fitzsimons,	 Hutchinson,	 &	
Williams,	 2002).	 However,	 the	 specific	 impact	 of	 a	 priming	 intervention	 is	 critically	 linked	 to	 individuals’	
self-construal	 (Michie	 et	 al.,	 2008;	 Zhang,	 Feick,	&	 Price,	 2006),	which	 connects	 individual	 and	 collective	
domains	(Cross	et	al.,	2011).		
Three	 features	 of	 self-construal	make	 it	 an	 ideally	 suited	 framework	 for	 explaining	 how	 implicit	 priming	
type	interventions	can	dissolve	individual	and	collective	concerns	to	deliver	real	world	impact	on	social	and	
behavioural	 norms.	 First,	 self-construal	 affects	 the	 way	 people	 relate	 to	 others	 and	 how	 they	 see	
themselves	 in	 this	 context	 (van	Baaren	et	 al.,	 2003).	As	 such,	 it	 can	be	 influenced	by	behavioural	 norms	
people	 associate	 with	 social	 interaction	 e.g.	 their	 perception	 of	 eco-behaviour	 as	 positive.	 Second,	 self-
construal	is	susceptible	to	cues	from	the	surrounding	environment,	making	it	ideal	for	implicit	interventions	
instantiated	in	design	artefacts	(Ashton-James,	van	Baaren,	Chartrand,	&	Decety,	2007;	Zhang	et	al.,	2006).	
Cues	 change	 the	 environment	 and	 situation	 to	 provide	 a	 trigger	 for	 changes	 in	 behaviour	 (Ouellette	 &	
Wood,	1998;	Steg	&	Vlek,	2009).	Third,	self-construal	is	 linked	to	perceived	social	and	behavioural	norms,	
which	have	 a	 strong	 effect	 on	how	people	behave	 in	 certain	 situations	 (Cialdini,	 2007;	 Kay	 et	 al.,	 2004).	
Here,	it	 is	not	necessarily	what	others	do,	but	what	people	think	they	do,	that	has	an	effect	on	a	persons	
behaviour	 (Cialdini,	 2007;	 Lockton,	 Harrison,	 &	 Stanton,	 2008;	 Schultz,	 Oskamp,	 &	Mainieri,	 1995).	 This	
provides	an	opening	for	interventions	to	link	to	perceptions	of	collective	concerns	in	the	form	of	social	and	
behavioural	norms. These	 features	make	self-construal	an	 ideal	 lens	 for	understanding	conflicts	between	
individual	and	collective	concerns	in	design	(Tromp	&	Hekkert,	2016;	Tromp	et	al.,	2011).	In	particular,	the	
triggering	 of	 social	 and	 behavioural	 norms	 through	 environmental	 cues	 opens	 the	 door	 for	 designers	 to	









design	holds	 significant	 scope	 for	delivering	 sustained	 influence	by	 shifting	associations	with	behavioural	
and	social	norms.	Exploring	this	approach	further,	it	has	been	shown	that	priming	stimuli	can	be	designed	
into	 the	 fundamental	 structure	 of	 the	 object	 (Kay	 et	 al.,	 2004).	 The	 main	 advantage	 of	 this	 is	 that	
incorporating	stimuli	into	an	artefact’s	design	reduces	the	likelihood	of	conscious	recognition.	This	is	crucial	
as	awareness	of	the	stimuli	negates	much	of	the	impact,	mitigating	many	of	the	benefits	of	using	implicit	
interventions	 (Bargh	 &	 Chartrand,	 2000).	 For	 example,	 people	 aware	 of	 the	 stimuli	 may	 take	
countermeasures	 to	 prevent	 the	 desired	 outcome	 (Bargh	 &	 Chartrand,	 2000).	 This	 is	 in	 contrast	 to	
persuasive	 design	 and	 other	 current	 design	 approaches	 where	 users	 are	 presented	 with	 stimuli	 and	 a	
choice	 of	 actions	 –	 including	 counteraction	 (Herring	 &	 Roy,	 2007).	 By	 maintaining	 implicit	 unconscious	
effect	 priming	 promotes	 behaviour	 change	 without	 constraining	 freedom	 of	 choice	 or	 suffering	 from	
rebound	type	effects.	
The	majority	of	 research	on	priming	 type	 interventions	has	 taken	place	 in	 the	social	 science,	psychology,	
and	marketing	literatures.	In	the	social	and	psychological	context,	there	has	been	a	focus	on	exploration	of	
mechanisms	 and	 the	phenomenon	 itself	 (Ashton-James	et	 al.,	 2007;	 Ijzerman	&	 Semin,	 2009),	with	 little	
discussion	of	practical	 implementation	in	artefact	design	and	real	world	 impact	on	behavioural	and	social	









To	give	a	better	understanding	of	current	 research	on	priming	across	different	senses	a	 review	of	 recent	





dealt	with	 senses	other	 than	 sight,	 and	 fewer	 still	 offered	 comparison	between	 senses.	 Specifically,	 only	











• In	 order	 to	 promote	 a	 specific	 behaviour,	 the	 end	 state	 of	 the	 behaviour	 must	 have	 positive	
associations	 for	 the	 subject.	 An	 end	 goal	 that	 is	 negatively	 perceived	 by	 the	 subject	 will	 not	 be	





with	 the	goal	of	behaving	honestly,	 the	effects	of	 this	prime	will	 only	be	apparent	 in	 the	 immediate	
next	 behaviours	 (Chartrand	 et	 al.,	 2008).	 After	 facing	 a	 task	 within	 the	 target	 area	 of	 the	 priming,	
subjects	show	significantly	decreased	effects	of	 the	stimuli	 in	subsequent	 tests	also	within	 the	target	
area,	unless	successfully	exposed	to	the	prime	again	(Chartrand	et	al.,	2008).	






highlighted	 that	 despite	 years	 of	 technological	 advancement	 in	 both	 products	 and	 feedback	 strategies,	
further	increases	are	yet	to	be	realised	via	sustainable	behaviour	(Abrahamsen,	Steg,	Vlek,	&	Rothengatter,	
2005;	 Consolvo,	McDonald,	&	 Landay,	 2009;	Ghaemi	&	 Brauner,	 2009;	 Lilley,	 2009).	 In	 particular,	 in	 the	
context	of	everyday	residential	energy	consumption,	people	are	generally	unaware	of	their	behaviour	and	
the	 subsequent	 sustainability	 consequences	 (Wood	&	Newborough,	 2003).	 As	 such,	 it	 can	 be	 concluded	
that	 people	 often	 use	 automatic	 behaviour	 in	 this	 context.	 This	 manifests	 as	 habits	 and	 unconscious	














2. Cues	 can	 be	 derived	 by	 identifying	 unconscious	 associations	 between	 either	 interdependent	 or	
independent	 self-construal	 and	 other	 constructs	 (Cross	 et	 al.,	 2002).	 For	 example,	 increased	
interdependent	self-construal	can	be	cued	by	exposure	 to	connected	shapes,	which	 in	 turn	 increases	
the	likelihood	of	accessing	norms	associated	with	e.g.	sustainability	(Kim	et	al.,	2012).		
3. As	 self	 construal	 connects	 an	 individual’s	 self	 perception	 to	 collective	 behavioural	 and	 social	 norms	




Based	 this	 logic	 the	 evaluation	 of	 intervention	 effectiveness	 builds	 on	 the	 assessment	 of	 participants’	
activation	 of	 social	 and	 behavioural	 norms	 that	 balance	 individual	 and	 collective	 concerns	 e.g.	 acting	
sustainably	or	reducing	excessive	consumption.	 If	activation	 is	 increased	by	the	treatment	 intervention	 in	
comparison	to	the	control,	and	no	hypothesis	awareness	is	identified	then	the	intervention	is	considered	a	













Various	 methods	 for	 conducting	 priming	 studies	 exist.	 However,	 there	 are	 few	 that	 specifically	 explore	
priming	interventions	from	the	perspective	of	design.	In	the	context	of	this	work	conceptual	priming	is	the	
most	 relevant	 source	 for	 methodological	 insight.	 Here,	 participants	 are	 first	 exposed	 to	 the	 prime	 (the	





Fitzsimons	 et	 al.,	 2008).	 Although	 this	 is	 a	 viable	 approach	 it	 is	 less	 relevant	 in	 the	 context	 of	 artefact	
design.	In	supraliminal	interventions	participants	engage	with	a	word,	text,	sound	or	object	containing	the	
priming	 stimuli,	 which	 are	 presented	 without	 revealing	 the	 purpose	 of	 the	 study	 (Berkowitz	 &	 LePage,	
1967;	 Ijzerman	&	Semin,	2009;	Kay	et	al.,	2004).	 In	this	context,	 it	 is	critical	that	the	derived	supraliminal	
cues	are	 reflective	of	 the	population	 in	which	 they	will	 subsequently	be	deployed	 (Cross	et	al.,	2002),	as	




a	 supraliminal	 approach	 is	 adopted,	 following	 the	 three	 main	 steps	 described	 below	 and	 illustrated	 in	
Figure	2:		
(1) If	cues	are	not	known	(as	 in	most	design	cases)	the	first	phase	 is	 to	 identify	cues	associated	with	the	










Study	1	aimed	to	elicit	 the	design	cues	associated	with	sustainability	by	 the	population	to	be	 targeted	 in	
Study	2	(Section	2).	This	forms	the	first	major	task	in	intervention	development	when	unconscious	cues	are	
not	 known.	 Although	 design	 experts	 have	 produced	 numerous	 proposals	 for	 artefacts	 that	 ‘embody’	
sustainability	 these	 have	 generally	 been	 derived	 through	 traditional	 design	 processes	 and	 there	 is	 no	
guarantee	 that	 they	 actually	 trigger	 the	 desired	 associations	 in	 the	 target	 population.	 As	 such,	 distilling	












ideas	 fluently	 (utilising	 System	 1	 thinking)	 without	 being	 overly	 biased	 by	 prior	 experience	 or	 specific	
training.	Further,	the	representative	nature	of	the	sample	ensured	that	the	cues	derived	would	be	linked	to	
the	population	to	be	targeted	in	Study	2.	This	latter	aspect	was	important	for	generalizing	the	cues	elicited	








results	 from	 the	 study	 in	 a	uniform	 format.	 The	booklet	 included	 the	 study	brief	 on	 the	 front	page.	 The	
slogan	 was	 accentuated	 in	 the	 written	 brief	 and	 was	 also	 placed	 at	 the	 top	 of	 each	 page,	 reminding	
participants	 about	 the	 aim.	 The	 slogan	 “Be	 Sustainable”	 was	 used,	 as	 it	 resembles	 traditional	 company	
slogans	 and	 relates	 to	 behaviour	 in	 the	 active	 formulation	 compared	 to	 e.g.	 “Sustainable”	 or	
“Sustainability”.	Finally,	all	participants	were	 instructed	to	complete	the	test	 individually,	and	to	focus	on	




letters,	 words,	 symbols,	 and	 numbers	 was	 discouraged	 in	 order	 to	 focus	 participants	 on	 visual	




and	behaviour	 (Mehta	&	Zhu,	2009).	 In	 this	condition	the	booklet	pages	 following	the	brief	were	divided	
into	four	squares	with	room	for	a	unique	logo	idea	in	each.	Participants	were	given	10	minutes.	
Non-visual:	 list	 words	 associated	 with	 hearing,	 smell,	 and	 touch	 as	 a	 direction	 for	 logo	 and	 company	
branding.	Words	 associated	with	 logo	and	brand	were	 requested	 in	order	 to	 align	 this	 exercise	with	 the	
visual	 results.	 In	 this	 condition	 the	booklet	pages	 following	 the	brief	were	divided	by	each	of	 the	 senses	
considered	(hearing,	smell,	touch).	Participants	were	given	three	minutes	for	each	sense	as	well	as	a	short	
break	between	each,	totalling	10	minutes.	
In	 order	 to	 maintain	 hypothesis	 blindness,	 a	 cover	 story	 was	 used	 (Boland	 et	 al.,	 2001;	 Luck,	 2007).	
Participants	were	 told	 that	 in	 the	 session	 they	would	 be	 regarded	 as	 ‘brand	 designers	 headhunted	 by	 a	
company	 to	come	up	with	 ideas	 for	a	new	company	 logo’.	The	brief	 for	 the	 task	was	kept	simple	and	an	
emphasis	was	placed	on	each	suggestion	being	 illustrative	of	 the	slogan.	Participants	were	also	 informed	
that	company	name	and	type	of	goods/services	produced	was	not	relevant	to	the	given	task.	These	criteria	













the	 responses	 and	 were	 thus	 identified	 so	 that	 they	 could	 be	 removed	 from	 consideration.	 With	 the	
intention	of	producing	design	guidelines	for	subtle	product	features,	necessary	for	Study	2,	the	remaining	
logos	 were	 further	 sorted using	 a	 number	 of	 bipolar	 adjectives.	 These	 adjectives	 were	 formulated	 to	
describe	the	main	visual	characteristics	 in	the	logos	and	included	considerations	of	e.g.	overall	shape	and	










categorise	 or	 had	 no	 or	 negative	 relation	 to	 any	 of	 the	 three	 senses	 considered.	 Suggestions	 were	
eliminated	when	they	were:		
Too	 general:	 the	 meaning	 of	 the	 suggestion	 is	 not	 clear	 in	 terms	 of	 a	 sense	 e.g.	 ‘nature’	 has	 multiple	
possible	instantiations	in	each	of	the	senses.	
Too	abstract:	the	suggestion	is	not	directly	relatable	to	a	sense	e.g.	‘pleasant’.	










The	 three	 most	 frequent	 characteristics	 were	 ‘Rounded’	 (77.7%),	 ‘Continuous’	 (61.2%)	 and	 ‘Enclosed’	
(86.0%).	 These	 characteristics	 were	 identified	 because	 a	 substantial	 difference	 was	 found	 from	 their	
opposing	traits.	As	such,	only	these	three	characteristics	were	used	as	guidelines	for	designing	the	priming	
objects.	Of	the	total	76	abstract	logos,	38	incorporated	all	three	characteristics	and	were	used	as	the	main	
inspiration	 for	 the	priming	objects.	 Frequency	was	used	as	 the	primary	measure	at	 this	 stage	due	 to	 the	
focus	 on	 identifying	 those	 characteristics	most	widely	 associated	with	 sustainable	 behaviour.	 Further,	 as	
each	 suggestion	 typically	 consisted	 of	 only	 one	 or	 two	 features,	 assessing	 comparative	 prominence	was	











Rounded	 51	 71	 122	 77.7	
Angular	 25	 10	 35	 22.3	
Continuous	 47	 49	 96	 61.2	
Discontinuous	 29	 32	 61	 38.5	
Repeated	Pattern	 38	 37	 75	 47.8	
Not	Repeated	Pattern	 38	 44	 82	 52.2	
Arrows	 23	 38	 61	 38.9	
No	Arrows	 53	 43	 96	 61.2	
Enclosed	 64	 71	 135	 86.0	
Open	 12	 10	 22	 14.0	
Explicitly	Invokes	Nature	 3	 75	 78	 49.7	
Does	Not	Invoke	Nature	 73	 6	 79	 50.3	
The	 total	number	of	words	 received	 from	the	46	non-visual	participants	averaged	approximately	500	 for	





























surface	 texture.	 Hence,	 non-visual	 elements	 were	 separated	 from	 the	 overall	 product	 and	 tested	 as	
isolated	product	features	e.g.	surface	finish	or	deliberate	scent.	This	reduced	the	possibility	of	confounding	
variables	 being	 introduced	 via	 the	 activation	 of	 multiple	 senses	 simultaneously.	 However,	 in	 the	 visual	
context	additional	work	was	required	in	order	to	translate	the	associations	into	visual	priming	stimuli.	This	










and	enclosed,	 arrows	were	 a	 repeating	 element.	However,	 no	 arrows	 are	 included	 in	 the	 final	 artefacts.	
Arrows	 were	 excluded	 and	 shapes	 kept	 abstract	 in	 order	 to	 avoid	 any	 unintended	 associations.	 The	
dominant	 shape	 characteristics	were	 thus	 translated	 into	 three	 everyday	 products	 embodying	 the	 visual	
stimuli.	 For	 the	 control	 stimuli	 comparable	 yet	 neutral (with	 regards	 to	 sustainability)	 products	 were	
created	 (Cash,	 Elias,	 Dekoninck,	 &	 Culley,	 2012;	 Stewart-Williams,	 2004).	 The	 comparison	 between	 the	
visual	characteristics	of	the	different	conditions	 is	 illustrated	in	Figure	4.	All	of	the	designs	were	linked	to	
analogous	real	world	products,	ensuing	 that	 they	were	similarly	believable.	This	was	 important	given	the	
primary	measure	 (Section	2)	and	 the	aim	of	 simulating	 interaction	with	 real	products.	Further,	 there	 is	a	
plausibility	 requirement	 for	 the	 different	 conditions.	 For	 example,	 if	 prototype	 products	 were	 used	 a	






















composition	 to	 that	 of	 Study	 1.	 As	 the	 purpose	 of	 this	 study	 was	 to	 test	 the	 effectiveness	 of	 the	
16	
	
interventions,	 and	 not	 to	 test	 the	 impact	 of	 interventions	 across	 the	 whole	 demographic	 spectrum	 this	
population	was	appropriate	for	addressing	the	hypotheses	outlined	in	Section	2.	
5.2	 Method	









that	 the	 experiment	 consisted	 of	 two	 separate	 studies:	 a	 cognitive	 test	 using	 an	 adjective	 task,	 and	 an	
opinion	 survey	 using	 a	 sentence	 completion	 task.	 Participants	 were	 then	 randomly	 assigned	 to	 either	 a	
priming	or	control	condition.	60	participants	were	associated	with	the	visual	stimuli	and	control	conditions,	
while	30	were	used	for	each	of	the	other	senses.	This	distribution	was	used	because	visual	stimuli	and	the	
control	 formed	a	baseline	 for	 comparison,	being	most	directly	product	 related.	 Statistical	power	analysis	
also	 showed	 that	 all	 groups	were	 sufficient	 for	 the	 results	 to	 be	meaningful.	 Participants	 in	 the	 priming	
conditions	 were	 exposed	 to	 priming	 stimuli,	 while	 those	 in	 the	 control	 condition	 were	 exposed	 to	 the	
neutral	products/product	features	(Figure	4b).		
Once	 assigned	 a	 condition,	 the	 experimental	 facilitator	 read	 the	 study	 brief	 to	 the	 participant	 to	 ensure	
understanding	and	consistency	(see	appendix).	Participants	were	then	exposed	to	the	intervention.	For	the	
visual	stimuli	the	product	images	were	shown	in	sequence	on	a	computer,	and	participants	were	instructed	
to	 write	 three	 adjectives	 for	 each.	 No	 time	 limits	 were	 given	 and	 an	 answer	 sheet	 with	 large	 product	
thumbnails	 was	 used	 to	 record	 the	 results.	 This	 procedure	 was	 the	 same	 for	 the	 other	 senses,	 except	
participants	 were	 blindfolded	 and	 asked	 to	 smell/listen/touch	 the	 stimuli.	 Upon	 completion	 the	 answer	
sheet	was	collected	and	the	 instructions	for	the	second	part	of	the	study	were	read	to	the	participant.	 It	
was	 emphasised	 that	 the	 sentence	 completion	 test	 should	 be	 done	 as	 quickly	 as	 possible	 and	 without	
thinking	about	the	answers.	Having	confirmed	understanding	of	the	task,	participants	were	given	a	sheet	
with	 15	 unfinished	 sentences	 to	 complete.	 The	 sentence	 completion	 test	 was	 chosen	 over	 a	 word	
completion	 test	 (Toth,	 2000)	 in	 order	 to	 mitigate	 any	 confounds	 associated	 with	 English	 language	
proficiency.	The	sentences	in	the	test	were	formulated	to	invoke	future	action	and	were	constructed	using	










When	 coding	 the	 results	 hypothesis	 and	 condition	 blindness	 was	 crucial	 to	 eliminating	 experimental	
effects,	 particularly	 confirmation	 bias	 (Rabin	 &	 Schrag,	 1999).	 As	 such,	 a	 strict	 randomisation	 and	
anonymization	procedure	was	used	to	ensure	coder	blindness.	Once	randomised,	coding	was	based	on	an	
assessment	of	 sustainable	 responses,	 related	 to	activation	of	 social	and	behavioural	norms.	Results	were	
found	 to	 be	 associated	 with	 four	 overall	 behavioural	 norms	 ‘Energy	 reducing’,	 ‘Consumption	 reducing’,	
‘Reuse	 enhancing’,	 and	 ‘Environmentally	 aware	 shopping’,	 however,	 all	 sustainable	 answers	 were	
considered	on	a	grounded	basis: 
Sustainable	answers:	Answers	that	were	explicitly	sustainable	and	showed	a	clear	activation	of	social	and	
behavioural	 norms	associated	with	 sustainable	 actions,	 sustainability	 and	 collective	 concerns	 in	 this	 area	
generally	e.g.	“I	would	like	to	limit	my	consumption	of	CO2”	
Non-sustainable	 answers:	 Answers	 that	 were	 not	 obviously	 linked	 to	 sustainable	 behaviour	 or	
sustainability	norms	e.g.	 “I	 hate	 it	when	people	waste	my	 time”.	This	 also	 included	answers	 that	did	not	
explicitly	 show	 a	 heightened	 awareness	 of	 sustainability,	 but	 could	 be	 interpreted	 as	 such	 e.g.	 “I	 think	
people	should	be	more	ethical”. 




between	 the	 conditions	 (prime	 and	 control).	 This	 is	 explicitly	 based	 on	 prior	 theory	 where	 effects	 are	
expected	across	all	 the	senses	considered	 (Section	2).	As	such,	analysis	 focused	on	 results	distributed	on	
one	side	of	the	null	hypothesis.	Therefore,	a	one-tailed	statistical	test	was	used	(Walker,	2010).	Further,	as	








were	 related	 to	 activation	 of	 social	 and	 behavioural	 norms	 associated	 with	 sustainability.	 For	 both	
conditions	the	number	of	sustainable	answers	was	in	line	with	prior	works	e.g.	Kay	et	al.	(2004).	Collectively	
primed	 participants	 had	 a	 mean	 of	 1.55	 (10%)	 and	 control	 participants	 0.90	 (6%)	 sustainable	 answers	
(difference	 =	 0.65/4%).	 This	 resulted	 in	 a	 small	 but	 significant	 difference	 supporting	 the	 hypotheses	p	 =	
0.0008	(one-tailed	Mann-Whitney	U;	t-test	p	=	0.0002)(Walker,	2010).	These	results	show	that	the	primed	
subjects	exhibited	greater	activation	of	social	and	behavioural	norms	associated	with	sustainable	behaviour	













This	 work	 supports	 and	 extends	 existing	 studies	 by	 evaluating	 the	 effect	 of	 priming	 on	 activation	 of	
behavioural	norms	and	directly	comparing	this	effect	across	different	senses.	
	 Control	 Prime	conditions	
Visual	 Hearing	 Smell	 Touch	
n	 60	 60	 30	 30	 30	
Mean	 0.90	 1.32	 1.70	 1.53	 1.63	
SD	 0.98	 1.08	 1.47	 1.20	 1.52	
Prime	v.	control	
Improvement	 -	 2.8%	 5.3%	 4.2%	 4.9%	
Significance		 Mann-Whitney	 p	=	0.0154	 p	=	0.0048	 p	=	0.0078	 p	=	0.015	
t-test	 p	=	0.0147	 p	=	0.0050	 p	=	0.0079	 p	=	0.010	
19	
	
Focusing	 on	 the	 first	 contribution,	 the	 demonstration	 of	 enhanced	 activation	 of	 behavioural	 norms	
associated	with	sustainability	illustrates	the	potential	value	of	priming	in	this	context.	Further,	the	observed	
effect	 on	 norms	 points	 to	 the	 possible	 value	 of	 self-construal	 as	 an	 explanatory	mechanism	 connecting	
artefact	 based	 priming	 to	 social	 and	 behavioural	 norms,	 in	 the	 context	 of	 conflicting	 individual	 and	
collective	 concerns.	 In	 this	 context,	 the	 results	 provide	 a	 platform	 for	 further	 work	 deconstructing	 the	




links	 to	Zhang	et	 al.’s	 (2006)	work,	which	associated	 interdependent	 self-construal	with	a	preference	 for	
rounded	 shapes	 (specifically	 picture	 frames).	 Further,	 as	 self-construal	 theoretically	 integrates	 individual	
and	social	perspectives	with	respect	to	behaviour	(Cross	et	al.,	2002),	this	provides	a	potential	explanation	







identified	 in	Section	2	 (also	see	the	appendix).	Despite	the	small	size	of	 the	change	 in	response	between	






the	non-visual	 conditions.	 This	 is	 likely	due	 to	 the	more	 focused	nature	of	 the	 interaction	with	 the	non-




be	 reduced.	As	 such,	 the	study	 reported	here	serves	 to	expand	 the	possible	 scope	of	behavioural	design	






al.,	 2008).	However,	 further	work	 is	 needed	 to	determine	how	a	priming	 affect	might	be	 sustained	over	
time	in	order	to	support	long	term	behaviour	change	and	habit	formation	(Verplanken	&	Melkevik,	2008).	
Finally,	the	next	major	step	in	this	area	is	closing	the	loop	from	intervention	to	sustained	behaviour	change,	
as	well	as	 further	exploration	of	 the	possible	 role	of	 self-construal	 in	dissolving	conflicting	 individual	and	





Verplanken,	2006).	 For	example,	 Jelsma	 (2006)	explains	 that	behaviour	 is	driven	by	 intentions,	 attitudes,	
and	values	but	that	practices	from	everyday	life	are	deeply	embedded	in	routines	and	habits.	However,	this	
type	of	directed	habit	 formation	through	product	 interaction	 is	an	open	and	challenging	area	of	research	
with	little	explicit	guidance	for	designers	(Wood,	Witt,	&	Tam,	2005).	Further,	Crilly	(2011)	rightly	highlights	








context	 we	 recommend	 the	 work	 of	 Berdichevsky	 and	 Neuenschwander	 (1999)	 who	 lay	 out	 ethical	
guidelines	applicable	to	all	persuasive	approaches.		
In	this	work	ethical	issues	were	considered	explicitly	at	each	stage	of	the	research	process,	and	each	study	
was	 discussed	 with	 an	 external	 group	 of	 academics	 to	 ensure	 ethical	 compliance.	 In	 particular,	 all	
participants	were	volunteers.	Further,	due	to	the	nature	of	priming	interventions	the	effects	are	not	 long	
term,	thus	impact	on	individual	participants	was	controlled.	However,	when	aiming	for	longer	term	change	
explicit	 consent	must	 be	 sought.	 It	 is	 impossible	 to	 overstate	 the	 importance	 of	 ethical	 compliance	 and	







First,	 artefact-based	priming	 through	product	design	can	be	used	 to	effectively	 influence	users,	 although	
there	 are	 a	 number	 of	 research	 questions	 remaining	 unanswered.	 This	 adds	 a	 new	 dimension	 for	
influencing	user	behaviour	by	bridging	implicit	interventions	and	product	design,	explicitly	addressing	a	gap	
in	 current	 design	 support	 (Kelders	 et	 al.,	 2012).	 Second,	 self-construal	 holds	 significant	 potential,	 as	 a	
mechanism	 for	 explaining	 design	 interventions	 targeted	 at	 influencing	 the	 activation	 of	 social	 and	




First,	 this	 work	 describes	 a	 viable	 approach	 for	 eliciting,	 and	 subsequently	 utilising	 priming	 stimuli	 in	 a	
design	context.	 Second,	 two	key	considerations	 for	 future	design	work	 focused	on	behaviour	 change	are	
highlighted:	synthesis	of	individual/collective	concerns	and	the	activation	of	social	and	behavioural	norms.	
These	 expand	 the	 range	 of	 considerations	 that	 should	 be	 addressed	 when	 developing	 a	 product	 and	




First,	 in	 terms	 of	 study	 design	 there	 were	 two	 key	 considerations:	 hypothesis	 blindness,	 and	 balancing	
relevance	 verses	 ambiguity	 in	 the	 sentence	 completion	 test.	 Results	 from	 the	 funnelled	 debriefing	
indicated	total	hypothesis	blindness	across	all	participants.	This	suggests	that	the	 intervention	did	 indeed	
achieve	its	supraliminal	objective.	In	terms	of	balancing	relevance	and	ambiguity	the	sentence	completion	
test	 was	 specifically	 formulated	 to	 focus	 the	 participants’	 on	 their	 personal	 opinion	 with	 respect	 to	 a	
number	 of	 everyday	 topics	 e.g.	 public	 transportation.	 Further,	 sentences	 evoking	 sustainable	 behaviour	
were	mixed	 in	 with	 a	 range	 of	 social	 topics	 that	 could	 all	 be	 answered	with	 respect	 to	 interdependent	
behavioural	norms.	This	maintained	the	relevance	to	the	participant	whilst	disguising	the	true	aim	of	the	







Second,	based	on	 this	 study	and	 the	 related	works	by	Kim	et	al.	 (2012),	 and	Zhang	et	al.	 (2006)	priming	
through	the	design	of	everyday	objects	shows	clear	potential	for	affecting	behaviour.	However,	as	noted	in	
the	 discussion	 there	 are	 substantial	 differences	 between	 experimental	 and	 real	 world	 contexts.	 Thus,	
although	 this	 work	 moves	 the	 field	 forward	 it	 also	 serves	 to	 highlight	 the	 need	 for	 further	 work	 in	
translating	 priming	 interventions	 into	 long	 term	behaviour	 change.	 In	 particular	 the	 design	 of	 behaviour	




(sight,	 hearing,	 smell,	 and	 touch),	 to	 influence	 users’	 activation	 of	 social	 and	 behavioural	 norms	 that	
balance	individual	and	collective	concerns.	In	this	context,	it	adds	to	and	complements	technical	strategies,	
such	 as,	 persuasive	 design,	 highlights	 new	 possibilities	 for	 behavioural	 design,	 and	 suggests	 a	 potential	
means	of	explaining	and	resolving	conflicts	between	individual	and	collective	concerns.		
There	 are	 significant	 implications	 for	 both	 researchers	 and	 design	 practitioners	 based	 on	 this	 work:	 the	
potential	 for	 dissolving	 conflicts	 between	 individual	 and	 collective	 concerns;	 and	 extending	 the	 scope	 of	
possible	behavioural	design	 interventions	across	 the	various	senses.	However,	 there	 is	a	need	for	 further	
work	to	integrate	these	behaviour	change	strategies	with	wider	design	practices,	and	to	define	the	role	of	
priming	 type	 stimuli	 in	 supporting	 longer-term	 behaviour	 change.	 In	 terms	 of	 behaviour	 and	 habit	
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Likert	 evaluation	 of	 perceived	 product	
worth		
Participants	 primed	 with	 price	 had	 a	
lower	preference	towards	the	product;	








Voting	 on	 whether	 to	 support/not	
support	an	education	initiative	







Dividing	 $10	 between	 themselves	 and	
a	 co-participant;	 Choosing	 between	
two	 moves	 A	 or	 B	 to	 be	 aligned	 with	
another	 persons’	 choice.	 Two	 A's:	 20	
points	 each,	 two	 B's:	 10	 each,	 one	 A	
and	one	B:	A	gets	5,	B	gets	25	
Participants	 primed	 with	 business	





Word	 completion	 test	 using	 24	 word	
fragments;	 Likert	 evaluation	 of	 the	
interaction	between	two	people	
Participants	 primed	 with	 business	
related	 images	 competed	 more	
competition	 related	 words,	 and	




Dividing	 $10	 between	 themselves	 and	
a	co-participant	
Participants	 primed	 with	 business	










they	 were	 asked	 to	 email	 from	 their	
own	account	
























Asked	 if	 they	 would	 offer	 money	 to	
support	 a	 student	 association;	
Confronted	 with	 a	 situation	 in	 which	
they	 could	 chose	 to	 help	 a	 fellow	
student	
Participants	 primed	 with	 pro-social	
stimuli	were	more	likely	to	offer	money	







Take	 as	 much	 ice-cream	 as	 they	
wanted	 –	 ice-cream	 weight	 used	 as	
measure	
Participants	 took	 and	 ate	 more	 ice-











Social	 desirability	 test	 of	 honesty	with	
33	true/false	items	









video,	 the	 amount	 of	 food	 consumed	
used	as	measure	





























Asked	 to	 donate	 pay	 from	 the	
experiment	 to	 a	 student	 emergency	
fund	




Asked	 to	 rate	 their	 mood	 after	 being	
accepted/rejected	 during	 group	 work;	
asked	 to	 volunteer	 for	 follow	 up	
experiments	
Participants	 primed	 with	 social	




Asked	 to	 help	 pick	 up	 some	 pencils	
knocked	 onto	 the	 floor	 by	 the	
experimenter	




Asked	to	play	the	prisoners	dilemma	 Participants	 primed	 with	 social	










Likert	 evaluation	 of	 approach	 or	
avoidance	 behaviour	 on	 scales	 of:	
enjoyment,	 time	 experience,	 contact,	
and	purchase	experience	










to	 one	 piece	 of	 music	 with/without	
word	 message;	 choose	 one	 of	 four	











involving	 two	 parties:	 a	 sender	 and	 a	
receiver.	The	sender	 is	given	money	to	
either	 keep	or	 invest.	Any	money	 sent	
is	 tripled.	 The	 receiver	decides	how	 to	
split	 the	 tripled	 money.	 Participants	
played	the	receiver	




Asked	 to	 report	 their	 interest	 in	
volunteering	 for	 future	 Habitat	 for	
Humanity	 (charity	organisation)	efforts	
(Likert	scale);	specify	the	activities	they	
would	 like	 to	 assist	 with,	 and	 indicate	
whether	 they	wanted	 to	 donate	 funds	
to	the	cause	(yes/no)	
Participants	 primed	 with	 a	 ‘clean’	
scented	room	were	more	 interested	 in	








Asked	 to	 indicate	 whether	 a	 letter	
string	was	an	existing	word	(yes/no)	
Participants	 primed	 with	 a	 ‘clean’	





they	 were	 planning	 to	 do	 during	 the	
rest	of	the	day	
Participants	 primed	 with	 a	 ‘clean’	




Asked	 to	 eat	 a	 crumbly	 biscuit	 at	 a	
clean	 table.	 Video	 recording	 coded	 for	
Participants	 primed	 with	 a	 ‘clean’	





















Drink	 a	 cup	 of	 water	 through	 a	 straw	
with/without	 touching	 the	 cup,	 and	
then	 asked	 about	 the	 quality	 of	 the	
water	








Observed	 for	 whether	 or	 not	 they	
tasted/not	 tasted	 the	 offered	 sample,	
bought/not	 bought	 something	 from	 a	
shop	
Participants	 primed	 with	 haptic	 input	
















































“You	are	about	to	participate	 in	two	separate	tests.	 In	the	first	we	are	 looking	at	students	and	their	cognitive	skills.	
More	 specifically	we	want	 to	 see	how	 you	describe	 different	 stimuli.	 The	 second	 test	 is	 a	 common	opinion	 survey	
conducted	to	see	how	students	relate	to	a	number	of	statements	from	everyday	 life.	You	will	 receive	more	specific	
instructions	at	the	beginning	of	each	test.”	

















to	 finish	 all	 these	 sentences	 as	 quickly	 as	 possible	 with	 the	 first	 word	 that	 comes	 to	 your	mind	 after	 reading	 the	
sentence.	It	is	important	that	you	don’t	think	too	much	about	the	sentence,	and	put	down	the	very	first	word	that	you	
think	of.	Do	you	understand	the	task?”	
1. A	thing	I	would	like	to	be	doing	more	is	…	
2. One	of	my	biggest	concerns	is		…	
3. I	would	like	to	eat	more		…	
4. I	try	to	save	money	by		…	
5. I	hate	it	when	people	waste		…	
6. Public	transportation	is		…	
7. I	think	higher	education	is	…		
8. I	would	like	to	limit	my	consumption	of	…		
9. A	personal	advice	for	a	good	life	is		…	
10. Before	I	die	I	want	to		…	
11. I	would	like	to	own		…	
12. I	think	people	should	be	more	…		
13. When	shopping	for	groceries,	I	look	for	…		
14. I	think	it	is	ignorant	to		…	
15. I	believe	it	is	important	to		…	
	
Common	personal	data:	
Age,	gender,	nationality,	field	of	study,	year	of	study	
	
Common	debrief:		
“The	debrief	lists	a	couple	of	control	questions	that	helps	us	to	secure	the	validity	of	your	answers	in	the	study.”	
1. When	doing	the	study,	did	the	two	tasks	seem	to	be	related	in	any	way?	(If	“yes”)	In	what	way	were	they	related?		
2. When	doing	the	study,	did	anything	you	did	in	the	first	task	affect	what	you	did	in	the	other?		(If	“yes”)	How	did	it	
affect	you?		
3. When	doing	survey,	did	you	notice	anything	unusual	about	the	sentences?		
4. Did	you	notice	any	particular	pattern	or	theme	to	the	sentences	when	doing	the	second	task?		
5. Did	you	have	any	particular	strategy	when	describing	the	sounds/smells/textures	in	the	first	task?		
